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fraction motion. This study describes our first results using 
this application. 
Materials and Methods: A total of 11 prostate cancer 
patients with implanted gold seeds were treated on the 
Truebeam 2.0 machine with two RapidArc beams (Varian 
Medical Systems, Palo Alto, CA). In the planning system 
(Eclipse 11.0, Varian Medical Systems, Palo Alto CA) ,the gold 
seeds on the planning CT are defined as markers. For patient 
setup, the gold seeds are lined up using two orthogonal 2D kV 
images. After the setup procedure, TI is applied during both 
beams at an interval of 5 seconds, resulting in 12 images per 
beam. For each marker a circular overlay is projected onto 
the acquired kV image, centered at the projected location of 
the corresponding reference marker determined during 
treatment planning. The diameter of this circle is set to 
1.2cm which corresponds to a maximum allowed limit for 
marker displacement which is related to the PTV margin (Fig 
1). Each marker is automatically detected on each acquired 
kV image and its center of gravity is indicated by a cross. A 
color coding is used to indicate whether the marker in or 
outside this limit. 
 
If one or more gold seeds exceed the limit on two 
consecutive kV images the beam is manually stopped, while 
TI continues. If the intra-fraction motion persists on the next 
triggered kV image, the beam is interrupted and the patient 
setup procedure is repeated using two orthogonal 2D kV 
images.  
Results: TI was applied for 11 patients. For the total of 144 
fractions, 7 fractions showed excessive intra-fraction motion 
of one or more gold seeds persistent in three consecutive 
triggered kV images, leading to beam interruption and re-
setup. Average and maximum shifts applied in re-setup were: 
0.32cm (0.65cm) , 0.29cm (0.52cm) and 0.11cm (0.30cm) in 
lateral, longitudinal and ventrodorsal directions, respectively 
(Table 1).  
 
In these 11 patients, 3456 Triggered Images were obtained. In 
94 (2.7%) of these images we found that TI did not correctly 
locate one or more of the gold seeds. 
Conclusions: Triggered Imaging in combination with auto-
detection provides a powerful tool to monitor tumor motion 
during treatment for patients with implanted fiducial 
markers. We have developed a strategy to avoid unnecessary 
re-setup for only temporary deviations. For 3 of these 7 beam 
holds shift magnitudes needed to realign the gold seeds 
exceeded our 0.6cm PTV margin, indicating that intra-
fraction re-setup was justified.  
However, the auto-detection algorithm needs further 
improvement to be more robust for deviations in initial 
marker locations.  
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Purpose/Objective: Novel hypofractionated partial-breast 
radiotherapy (RT) treatments, performed before or after 
breast conserving surgery (BCS), are being developed for low-
risk breast cancer patients. Since these techniques focus on 
dose delivery in fewer fractions, the purpose is to determine 
intra-fraction motion using supine magnetic resonance 
imaging (MRI), ensuring high soft-tissue contrast and high 
temporal resolution. 
Materials and Methods: 22 female early-stage breast cancer 
patients were scanned on a 1.5 T wide bore MRI (Ingenia, 
Philips) in supine RT position, before and/or after BCS. This 
resulted in 20 pre- and 18 post-BCS scans. Two multi-slice 
balanced steady state free precession (cine-MRI) sequences 
were applied, oriented through the tumour (bed) as 
delineated on 3D pre-/postoperative MRI. They were 
alternately acquired in the transverse and sagittal plane, 
every 0.3 s during 2 min. The ipsilateral breast and clinical 
target volume (CTV = tumour (bed) + 15 mm) were 
transferred onto a reference frame in the respective cine-MRI 
series. Subsequent slices were rigidly registered on the breast 
with an extension, i.e. registration was limited to 
translations and rotations. Delineations were transformed 
accordingly. For motion determination, the P95 was derived, 
defined as a distance ensuring 95% coverage, for all 





Results: Motion artifacts induced registration errors in 
several cine-MRI series, which were excluded after visual 
inspection. Analysis was performed on 16 sagittal and 19 
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transverse preoperative series and, respectively, 12 and 15 
postoperative scans. The median P95 was 1.2 mm or smaller, 
for all orientations (table 1). High values up to 6.6 mm were 
found in only three patients during short, deep aspiration. 
Regular breathing was observed in the other scans. No 
differences were found between pre- and post-BCS situations 
(p > 0.05).  
 
 
Conclusions: Intra-fraction breast and CTV motion is limited, 
before and after BCS, in supine RT position. This is essential 
for safe delivery of new hypofractionated RT treatments. 
Further research is planned to analyse intrafraction motion 
on a longer time scale. 
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Purpose/Objective: Several approaches are used in clinical 
practice for the management of prostate intra-fraction (i-f) 
motion. They range from using historically based standard 
PTV margins to the use of population margin recipes based on 
determined or published errors. We investigated the 
effectiveness of such methods based on a large study of all 
treatment fractions for 100 prostate patients undergoing 
radiotherapy at our institution. 
Materials and Methods: Pre and post-treatment kV 
orthogonal images were collected for a total of 3559 
treatment fractions. From this dataset we determined and 
characterised i-f motion and evaluated the effectiveness of 
the differing margin approaches to account for all patients 
within the study group. Strategies for the effective 
management of all patients within the study population were 
formulated.  
Results: The mean (StdDev) i-f motion from all observations 
is -0.07 (0.21), 0.07 (0.20), -0.01 (0.16) cm for the AP, SI and 
LR directions respectively. A derived population margin to 
cover 90% of patients with 95% dose is 0.52, 0.50, 0.42 cm for 
AP, SI, LR respectively. Extending the margin to cover 99% of 
patients with 95% dose requires a further increase of 0.15 cm 
which is similar to our institutional isotropic margin of 0.7 
cm.  
Six patients from our study group had i–f displacements > 
0.52 cm for >10% of treatment fractions. The mean (StdDev) 
for this subgroup is -0.33 (0.24), 0.22 (0.21), 0.05 (0.19) cm 
in the AP, SI and LR directions respectively. The subgroup has 
a significant i-f posterior-inferior displacement compared to 
the whole study group (p<0.001) resulting in a 3D 
displacement > 0.70 cm for 19% of observations and >0.52 cm 
for 37% of observations. Imaging for i-f motion for the first 5 
fractions is able to identify all 6 problem patients with a 
sensitivity = 1 and specificity = 0.84 (90% confidence level, 
0.12 cm confidence interval) whereas imaging the first 3 
fractions has a sensitivity and specificity of 0.67 and 0.84. 
The challenge posed by the subgroup is shown (fig) by the 




Conclusions: We have identified a subgroup of patients that 
display a significant post-inf directional displacement during 
treatment that is inadequately managed by an isotropic 
margin approach. Ideally these would be identified early in 
the treatment course to allow for proactive management. In 
considering a management strategy to afford optimal margins 
without compromising cover; whilst imaging for the first few 
fractions is clearly shown to be of benefit, our findings 
support the argument for real time tracking in prostate 
radiotherapy especially where posterior PTV margin reduction 
is used as a strategy for improving rectal sparing.  
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Purpose/Objective: Intra-fraction motion of the prostate can 
be a limiting factor to the quality of delivery of external 
beam radiotherapy. According to the 'random walk' 
